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Abstract
In this work, a dynamic model for the simulation of solar cooling systems employing adsorption chillers has been evaluated. The 
model, realised with the commercial software TRNSYS, has been implemented to quantify the effect of different operational and
design parameters on the overall performances of solar cooling systems in three different Italian cities (Milan, Rome, Messina). 
An economic analysis has been performed for an optimised system, in order to evaluate the payback time of the different solutions
compared to a traditional air conditioning system, considering also the state incentives introduced since 2012.
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1. Introduction 
Most of the existing buildings on the Italian territory undergo quite severe problems of overheating during summer, 
thus generating a discomfort condition for the occupants. Such a situation is common both in the North and in the 
South of the country, and has led to an ever increasing request for the installation of air conditioning systems. Since 
most of them employ traditional vapour compression conditioners, the electric energy consumption needed in 
residential and tertiary sectors has grown up, overloading the national grid and even creating black outs [1]. 
Such a situation has favoured the development of eco-friendly buildings, relying on passive cooling systems or air 
conditioning systems using renewable energy sources [2]. Among them, solar cooling systems have gained particular 
attention because solar energy availability is concurrent with the times of maximum request for air conditioning [3]. 
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Solar cooling systems paired with an adsorption chiller possess another benefit, since they do not use toxic or polluting 
materials, contributing to the reduction of COx emissions. [4] In a typical solar energy system, whose sample layout 
is shown in Figure 1, solar energy is used to heat up a fluid, which is sent to a storage connected to a back up unit 
(traditional gas heater). The hot water is used by an adsorption chiller producing cold water that can be alternatively 
used in a distribution system or sent to a thermal buffer to compensate for the oscillation in daily request. Process heat 
can be rejected in different ways; in particular, three systems have been considered in the present paper:
- Dry cooler: the warm water is cooled down by means of fans blowing on a finned heat exchanger;
- wet tower: it is a unit where warm water is cooled by insufflating air at external temperature onto the fluid 
stream. Part of the water evaporates, thus improving the cooling effect of water, but has to be reintegrated by 
water supply network;
- Geothermal probes: they are exchangers using a borehole into the ground for heat rejection, made up of U-
shaped pipes.
In the following sections, the different possible layouts of the systems will be compared in terms of efficiency and 
primary energy savings using a dynamic simulation model implemented in TRNSYS, as to identify the optimal values 
for the design parameters of the system and evaluating the level of performances of each configuration.
Figure 1: sample layout of a solar cooling system with adsorption chiller.
2. Modelling of the system
The analysed system was modelled by means of the commercial software TRNSYS, a specific tool designed to realise 
dynamic simulations of HVAC and energy systems. As already explained, three main configurations were considered, 
differing for the heat rejection systems: dry cooler, wet tower or geothermal probes. In addition, weather data for three 
different Italian cities, at different latitudes, were introduced (Milan, Rome and Messina). The main types used for the 
outline of the model are the following:
x building (type 56b): a flat with 130 mq surface and .4 occupants represents the input for the air 
conditioning system
x weather data (type 109-TMY2): simulations were run using Meteonorm data for Milan, Rome and 
Messina;
x solar collectors (type 538);
x storage tank (type 60d);
x back-up gas heater (type 700);
x adsorption chiller: it has been implemented on the basis of the tests on a commercial unit, used to derive 
the equations connecting operating temperatures and chiller performance;
x cold water delivery system (type 508h)
x heat rejection system (type 753a dry cooler, type 51b cooling tower, type 557a geothermal probe).
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A control logic, governing the on/off of the different apparatuses, has been taken into account. Specifically, load 
profile and regulation system matching a 4-occupants residential building have been added. Figure 2 shows a 
screenshot of the model.
Figure 2: TRNSYS model of the analysed system.
The parameters used for the comparison are mainly the following:
x solar fraction, the ratio between energy supplied by thermal collectors and the total energy needed by the 
whole system:
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x electrical COP: the ratio between thermal energy representing the useful effect (cold produced) of the system 
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x chiller COP, the ratio between the useful effect of the adsorption chiller and the thermal energy supplied:
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x CH4 consumption: the total amount of gas delivered to the back-up unit:
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Where: 
SF is the solar fraction, Qs is the energy supplied by solar collectors, Qheater is the energy supplied the back-up unit, 
EelTOT is the total electric consumption of all the components (pumps, sensors, etc), Qev is the evaporation energy 
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value of CH4.
3. Simulations and results
Simulations were conducted with a parametric approach, thus varying the different parameters of the system (once 
per simulation) in order to identify, for each heat-rejection configuration, the optimum values, on account of which a 
complete comparison among the different configuration in each city was performed. Specifically, dry cooler and wet 
tower simulations were run employing weather data of Milan, Messina and Rome, while geothermal probes as a mean 
of heat rejection were considered only in the town of Messina, because it was the only one where a geological 
characterisation of the soil was available. Variables changed in each of the simulations are summarised in Table 1.
 
Table 1: variables and simulations on the modelled system.
Configurations 
 Dry cooler Wet tower Geothermal probes 
Parameters 
Cities       
Number of solar collectors       
Storage volume       
Fan air flow       
Supply network water temperature       
Probes number       
Pre-heat years       
3.1. Simulations with dry cooler configuration
Simulations for the system working with dry cooler were made in all three cities, varying firstly the number of solar 
collectors (with a storage of 0.73 m3 and air flow rate to the dry cooler of 2000m3/h) and then the storage volume. 
Afterwards the layout with the best performances (16 collectors, 1 m3 storage) was used to run some simulations 
varying the air flow rate to the dry cooler. The results are reported in Figure 3.
Electric COP (Figure 3a) shows a slowly growing trend for a number of solar collectors up to 16 and then remains 
almost constant, stating that an area of solar collectors sufficient to cover cooling load has been reached. It is worth 
notice that the curves for the cities of Rome and Messina are nearly superimposed while the overall values are higher 
for the city of Milan, where cooling peaks are lower. Instead, the performances of the chiller (Figure 3b) are not 
practically influenced by solar collectors’ area, lowering only for a very high number of collectors. Actually, 
oversizing the solar field, overheats the thermal fluid thus exceeding the design limits of the chiller. Solar fraction 
(Figure 3c) and methane consumption (Figure 3d) are strongly influenced by solar collectors’ area and have an 
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opposite trend: the higher is the number of collectors the higher is the energy supplied, avoiding the start of the heater. 
Storage volume has a sensible influence only on chiller efficiency and methane consumption and, in particular, the 
best performances are reached with 1 m3 storage (Figure 4). Once the optimum layout was defined (area of solar field: 
27.52 m2, 1 m3 storage) the influence of air flow of dry cooler was investigated and the results are shown in Figure 5.
The parameters on which the variation of airflow rate has the major effect are the efficiency of the chiller, that 
practically doubles from 2000 m3/h to 3000 m3/h, and methane consumption. For flows higher than 3000 m3/h there 
is no evident increase in the performance of the system, making that value the best working condition of the analysed 
system, adopted for future comparisons. 
  
Figure 3: system performance-dry cooler configuration, storage volume: 0.73 m3, airflow rate: 2000 m3/h
(a) (b)
(c) (d)
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Figure 4: chiller efficiency and methane consumption- dry cooler configuration, solar collectors' area: 25.72 m2, air flow rate: 2000 m3/h.
Figure 5: solar fraction and methane consumption with increasing flow rate of dry cooler, solar area: 25.72 m2, storage volume: 1m3.
3.2. Simulations with wet tower configuration
The system employing a wet tower for heat rejection has been simulated in all the three cities, by varying the solar 
collectors’ area (storage volume: 0.73 m3, network water temperature: 10°C) and the storage volume (solar field: 25.72 
m2, network water temperature: 10°C). The optimum values for these parameters were defined and then another run 
of simulations has been performed at different temperatures of network supply water. The graphs of Figure 6 show 
trends similar to the corresponding ones for dry cooler configuration: thermal collectors’ area influences mostly solar 
fraction and chiller COP, which decreases for the widest extensions of collectors. Methane consumption is lower in 
the city of Messina and decreases with increasing solar field extension. Simulations changing storage volume showed 
that the best performances are for 1 m3 storage (Figure 7), while water supply temperature does not have a significant 
effect on any of the investigated parameters. As an example, graphs relative to thermal COP of the chiller and electric 
COP of the system – the parameters most likely to be influenced by variation in the operative conditions of the heat 
rejection system – are shown in Figure 8. All of the results and trends mentioned apply to the three cities simulated, 
however, as expected, in a warmer climate such the one in Messina, the solar fraction is higher than that of higher 
(a) (b)
(a) (b)
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latitudes, whereas the chiller efficiency is slightly worse. The higher solar fraction in Messina compensates for the 
use of the back-up unit, and so the need for gas is lower than in Rome and Milan.
  
  
Figure 6: system performance-wet tower configuration, storage volume: 0.73 m3, network water temperature: 10°C.
(a) (b)
(c) (d)
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Figure 7: solar fraction and methane consumption with increasing storage volume, solar field area: 25.72 m2, network water temperature: 10°C.
Figure 8: thermal and electric COP trends with increasing network water temperature, solar collectors' area: 25.72 m2, storage volume: 1 m3.
3.3. Simulations with geothermal probes configuration
Simulations for a system employing geothermal probes for heat rejection were conducted for the city of Messina, by 
varying the number of solar collectors, the storage volume and, at the same time, the number of pre-heating years of 
the ground and the number of probes to be used. It was observed that the number of pre-heating years does not 
influence the performances of the systems and so the following results are the ones obtained for 2 years of pre-heating. 
The trends for the various parameters are comparable with the corresponding ones in the previous configurations. 
However, the overall performances of the system increase with the increasing number of probes, as clearly stated in 
Figure 9 and Figure 10. It has to be noticed that the optimum selection of parameters for this system is with 16 solar 
collectors, 1 m3 storage and 2 probes.
(a) (b)
(a) (b)
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Figure 9: system performance- geothermal probes configuration, storage volume:0.73 m3, pre-heating years: 2.
  
Figure 10: chiller efficiency and methane consumption- dry cooler configuration, solar collectors' area: 25.72 m2, 2 years pre-heating.
(a) (b)
(c) (d)
(a) (b)
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3.4. Comparison among different configurations
A comparison has been draught for the three systems differing for heat rejection system in the city of Messina, in 
order to dispose of the data even for the geothermal system. Results are shown in Figure 11, where all the parameters 
are plotted versus solar collectors’ area. It is evident that the best overall performances are that of a 2 probes 
geothermal system: the electric COP of the latter configuration is indeed double in respect to those of wet tower and 
dry cooler configurations. The efficiency of the chiller is maximum for a dry cooler system if the number of thermal 
collectors is low but, as soon as it reaches the optimum point, the curve of 2 probes geothermal system and the one 
relative to dry cooler systems are practically identical. However, the least consuming system in terms of primary 
energy for the back-up unit is the dry cooler ones. What clearly emerged from all the run simulations is that a wrong 
design might negatively and strongly affect the performance of a solar cooling system. For example, underestimating 
the surface covered by solar collectors might lead to an extremely high consumption of primary energy for back-up 
unit -especially in wet tower configuration as shown in Figure 11d- but also the choice of an excessive number of 
solar collectors can be detrimental to the correct operation of the system.  
 
 
 
  
Figure 11: comparison of the different systems for the city of Messina.
(a) (b)
(c) (d)
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4. Economic analysis
The feasibility of each of the systems previously discussed has been evaluated considering also the economical aspect. 
Indeed, the three configurations were compared to a traditional electrical vapour (R410) compression air/water chiller, 
with nominal power of 10 kW and installed in Italian climatic zone B (600 – 900 °/d). The data considered for each 
of the solar cooling systems are relative to the best design conditions estimated based on the previous simulations. 
Calculations were made to determine the operating cost of each of the systems, as synthetized in Table 2. It might be 
noticed that all of the systems allow a reduction in yearly costs if compared to a vapour compression air conditioner.
Table 2: annual operating cost of solar cooling systems compared to vapour compression system.
 OPERATING COST 
ANNNUAL 
SAVING 
ELECTRIC ENERGY 
SAVING 
 €/y €/y kWhel/y 
Air/Water R410 €     1.488,88   
Solar cooling + dry cooler €        728,13 €                     760,76 2668,25 
Solar cooling + wet tower €        707,83 €                     781,06 3087,55 
Solar cooling + geothermal probes €        612,87 €                     876,01 3056,36 
Installation costs were also computed in order to determine the actual value of the investment for each of the 
configurations, as reported in Table 3.
Table 3: installation cost of the different air conditioning systems.
Air/water vapour compression  €                 4.260,00  
Solar cooling+ DRY COOLER 
total cost solar field  €                 8.256,00  
solar circuit  €                 2.476,80  
Sortech adsorption chiller  €               13.000,00  
dry cooler  €                 3.000,00  
TOTAL  €               26.732,80  
solar cooling+ WET TOWER 
total cost solar field  €                 8.256,00  
solar circuit  €                 2.476,80  
Sortech adsorption chiller  €               13.000,00  
wet tower  €                 2.500,00  
TOTAL  €               26.232,80  
solar cooling+ GEOTHERMAL PROBE 
total cost solar field  €                 8.256,00  
solar circuit  €                 2.476,80  
Sortech adsorption chiller  €               13.000,00  
geothermal probe  €                 5.000,00  
geothermal circuit  €                 1.000,00  
TOTAL  €               29.732,80  
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A complete analysis was performed by means of the Discounted Payback Time, a value indicating the time (in year) 
to regain the initial extra cost of the systems driven by renewable energy. DPT was calculated as follows:
( )
log 1
(1 )
[ ]
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1
C d t
U t
DPT y
t
d
ª º'  « » ¬ ¼ 
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« »¬ ¼
Where: 'C is the extra cost compared to traditional system, U is the annual saving, t is the inflation rate considered 
equal to 3%, d is the annual cost of money considered equal to 4%. 
The results obtained are summarised in Table 4, clearly stating that the economic investment for the installation of a 
solar cooling system without a financial support policy is not viable. 
Table 4: payback time of the solar cooling systems w/o incentives.
Payback time for solar cooling systems- NO INCENTIVES 
DPT solar cooling+ dry cooler 34.98 y 
DPT solar cooling + wet tower 33.02 y 
DPT solar cooling + geothermal 34.33 y 
Two different analysis were then performed, also bearing in mind the actual state incentives possible; firstly, the so-
called “Conto termico” was considered: it is an incentive introduced at the end of 2012 [6] which allows to cover part 
of the installation cost of a thermal system driven by renewable energy. In particular, the incentive for solar cooling 
is calculated on the basis of the total surface covered by collectors and it is disbursed in 2 years (or 5 for bigger 
systems). 
The new payback time are those in Table 5. They are still quite high if compared to those of a traditional system, 
nevertheless they undergo a considerable reduction (up to 2/3 of the previous DPT).
Table 5: payback time for solar cooling systems with Conto Termico incentive.
Payback time for solar cooling systems- CONTO TERMICO 
DPT solar cooling+ dry cooler 13.37  y 
DPT solar cooling + wet tower 12.27 y 
DPT solar cooling + geothermal 15.42 y 
Another incentive introduced in 2013 [7] is a 10 years reduction of IRPEF tax for energy saving interventions in 
private buildings. This financial support consists in the refunding of 65% of the installation cost of a solar cooling 
system (or another system allowing for reduction in primary energy consumption). This is achieved by detracting the 
equivalent of the cost for the intervention from IRPEF tax for 10 years. The effect of this financial assistance has been 
evaluated by calculating the payback time in the hypothesis of a reduction of the initial cost of the solar cooling system. 
The above mentioned financial instrument cannot be combined with the previous cited “Conto termico”, so the entire 
cost of the system (Table 3) needs to be considered as basis. Nevertheless, a more complete sensitivity analysis has 
been performed: in fact, this method of calculations is also suitable to predict the payback time under the hypothesis 
that, due to a major diffusion of the systems and the technologies related to solar cooling, the installation cost of the 
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whole system drops down. The results are shown in. Table 6, where the variation corresponding to the IRPEF 
reduction cost has been evidenced. It can be seen that such incentives allow for short payback time, even less than 5 
years.
Table 6: sensitivity analysis of solar cooling systems.
SENSITIVITY ANALYSIS 
initial cost: solar cooling+dry cooler  €26.732,80 
initial cost: solar cooling+wet tower €26.232,80 
initial cost: solar cooling+geothermal €29.732,80 
initlial cost: vapour compression €4.260,00 
Variati
on 
Cost DRY 
COOLER (€) 
DPT dry 
cooler (y) 
Cost WET 
TOWER  (€) 
DPT wet 
tower (y) 
Cost GEOTH. 
(€) 
DPT geoth. 
(y) 
-70% 8.019,84 5,09 7.869,84 4,75 8.919,84 5,49 
-65% 9.356,48 6,96 9.181,48 6,53 10.406,48 7,30 
-50% 13.366,40 12,79 13.116,40 12,07 14.866,40 12,94 
-40% 16.039,68 16,86 15.739,68 15,93 17.839,68 16,88 
-30% 18.712,96 21,10 18.362,96 19,95 20.812,96 20,98 
-20% 21.386,24 25,53 20.986,24 24,12 23.786,24 25,24 
-10% 24.059,52 30,15 23.609,52 28,47 26.759,52 29,69 
-5% 25.396,16 32,54 24.921,16 30,72 28.246,16 31,98 
0% 26.732,80 34,98 26.232,80 33,02 29.732,80 34,33 
5. Conclusions
This paper presents a dynamic simulation of solar cooling systems, differing for the heat rejection method. The 
TRNSYS program created proved itself to be a viable tool for the design and identification of the best parameters of 
a solar cooling system. In addition, an economical evaluation has been performed, in order to identify the payback 
time of the solar systems analysed. The results obtained showed that the economic feasibility of the system is linked 
to the presence of financial support policy, thanks to which the payback time can become as short as 5 years.
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